Rice is consumed by billions of people in the world and it is estimated that over 75 percent of the world's rice is produced using continuous flooding water management practices. Studies indicate that continuous flooding has numerous disadvantages like low water use efficiencies and high emissions of methane. In order to ensure food security faced with the increasing competition for water and also to mitigate climate change, it is desirable to propose alternate water management practices to farmers. A study was carried out in Cameroon to compare the performance of local varieties of rice under different water management practices. The objectives were to: evaluate the effect of different water management practices on the growth and yield of three local rice varieties; and to determine the effect of various water management practices on the water use efficiency and water productivity of irrigated rice. Four water management regimes (continuous flooding maintained at a depth of 3 cm, intermittent flow at depths of, 3, 5 and 7 cm) and three local rice varieties were tested in a split-plot design with three replicates. The main plot factor was water management regime and the sub-plot factor, variety. The study indicates that the various water management practice do not significantly affect plant height (p>0.05). The varieties were significantly different in plant height (p<0.05). There was a significant (p<0.05) interaction between water management regime and variety on plant height. Between 39 and 47 % of the irrigation water used under continuous flooding as is practiced by most farmers in sub-Saharan Africa can be saved by the adoption of intermittent irrigation at 3-5 cm depth. The water use efficiency in intermittent irrigation with an application of 3 cm is about 100 % greater than that in continuous flooding irrigation with the same depth. For intermittent irrigation with a depth of 5 cm, the improvement is about 80 %. Intermittent irrigation produces yields which are not significantly different from continuous flooding irrigation but with a water use efficiency of up to 100 % higher. Intermittent water application with a depth of 3 cm had a water productivity of about 88 % higher than that obtained with continuous flooding irrigation. Intermittent irrigation with applied depths of 3-5 cm should therefore be promoted in sub-Saharan Africa to ensure food security while at the same time mitigating climate change through reduced production of methane.
INTRODUCTION
Since the available fresh water resources in the world are constant and the population is continually increasing, the available water per capita will continue to decrease resulting in water scarcity or stress in some areas. The competition for water is therefore expected to increase from urban and industrial sectors. Agriculture which consumes the lion share of fresh water withdrawn will be expected to give up more and more water. In addition, climate change is expected to compound the problem of water availability and hence it's very important to improve the productivity of water use in agriculture if food security is to be ensured.
In many places the unreliability of water resources both in irrigated and rain fed agriculture is one of the major constraints in achieving food and water security. Recent surveys in rice growing areas in the northwest region of Cameroon (Ngobesing, personal communication) revealed that insufficient irrigation water is one of the major constraints to rice production. Rice farming in these areas is characterized by decreasing yields and conflicts arising from water distribution. This may be one of the reasons responsible for low rice yields in the North West region of Cameroon despite government effort to boost annual rice production to 950,000 tons by 2018 (MINADER, 2009 ).
Rice is consumed by about three billion people and is a staple food for a large number of people on earth (Wassmann et al., 2009) . The number of consumers is expected to increase in future because of increasing population, rapid urbanization and change in diets.
Water is one of the most important requirements of paddy rice production. Paddy rice is usually grown in lowland areas under continuous flooded conditions. It is estimated that over 75 percent of the world's rice is produced using continuous flooding water management practices (Van der Hoek et al., 2001) . According to Sharma, (1989) the continuous flooding method is very inefficient as about 50-80 percent of the total water input is wasted. Other disadvantages of continuous flooding are: high emissions of methane (Wassmann et al., 2009 , FAO, 2010 ; greater vulnerability to water shortages than other cropping systems (Wassmann, 2010) ; leaching of soluble nutrients, blocking of soil microbial activities, and reduced mineralization and nutrient release from the soil complexes (Uphoff and Randriamiharisoa, 2002) .
Water saving is the main issue in maintaining the sustainability of rice production when water resources are becoming scarce (Arif et al., 2012) . In Asia, with relatively more suitable growing conditions for rice, production has declined due to increasing water stress (Aggarwal et al., 2000; Tao et al., 2004) . There are a number of alternatives to continuous flooding of rice. One approach which can be used is intermittent irrigation or alternate wetting and drying (AWD). The performance of this approach was evaluated and compared to the continuous flooding method. In the AWD method, irrigation water is applied in certain intervals leading to episodes of non-flooded soil conditions in the fields. The intervals of non-flooded periods can vary from 1 day to more than 10 days depending on the specific management regime and soil/climate conditions. Hence the benefits of AWD can be summarized as: increased water use efficiency (WUE), increased productivity, reduced vulnerability to drought, decreased methane emission and increased food security.
Despite the benefits of the AWD method, most rice farmers in sub-Saharan Africa are still practicing continuous flooding. It is therefore imperative to evaluate the AWD method using local and improved varieties, taking weed management and possible nitrogen losses into consideration. The cultivation of rice in flooded fields requires about 2500-3000 m 3 water to produce one ton of rice grain (Bouman et al., 2002) . Because most farmers practice continuous flooding, savings of water due to change in the current practice will translate into a significant reduction in the consumption of fresh water for rice farming. For the AWD method to be accepted, farmers would need to be convinced that the yields of their preferred rice varieties under this alternative approach would be similar to yields obtained with continuous flooding. The dissemination and adoption of more efficient water management techniques will entail benefits for the resilience of rice production systems to future droughts.
The objectives of this study were to: evaluate the effect of different water management practices on the growth and yield of three rice varieties; and to determine the effect of various water management practices on the water use efficiency and water productivity of irrigated rice. tractor. Earth dykes 20-30 cm wide and 20-25 cm high were constructed on experimental units (plots) using spades and hoes. The effects of four water management regimes were tested on the growth, yield, water use efficiency and water productivity of three favorite local rice varieties (Tainan 5, TOX and Variety 14) in a split-plot design with 3 replicates. The main plot factor was the water management regime and the sub-plot factor was the variety.
METHODOLOGY
The four water management regimes were: continuous flooding maintained at a depth of 3 cm (d 0 ), intermittent flow with application depths of 3 cm (d 1 ), 5 cm (d 2 ) and 7 cm (d 3 ). The maximum water depth of 7 cm was chosen with a view to reducing the depth commonly used by local farmers (15 cm) by half. Each water management regime was randomly assigned to the main plots. Cutthroat flumes and rectangular orifices were used to measure the inflow and outflow of water respectively in the continuous flooding plots, while siphons were used to apply water in intermittent plots. The frequency of intermittent irrigation was three times a week.
Three rice seedlings (32 days old) were planted per hole at a depth of 3 cm. Rice planting was done in straight rows at 20 x 15 cm spacing with the aid of calibrated sticks and ropes. Two weedings were done before harvest; the first one 3 weeks after transplanting using a systemic herbicide (HERBEXTRA) and the second one was manual, 11 weeks after transplanting. Fertilizer application was in two splits: the first one, 150 kg NPK/ha was applied 5 weeks after transplanting and the second, 150 kg Urea/ha was applied 10 weeks after transplanting. Deltamethrine and Decis were used to control insect pests.
Growth, yield and water use of rice: Data was collected on the plant height, number of tillers, grain yield and water use of the various treatments. Plant height was measured every 14 days using a meter rule. Five healthy plants were randomly selected from each treatment on which measurements were made. The average value was considered to be the plant height for each experimental unit. The average number of tillers counted on 10 plants in a diagonal within a plot served as the number of tillers per plot. Rice grain yield was determined at harvest, when 80 % of the panicles had turned golden yellow. The yields were determined from plots of 1 m 2 and converted to yields per hectare. The moisture content of the grains was determined in the laboratory and grain yield was corrected to 10 %.
For continuous flooding irrigation, the water use was determined as the difference between the cumulative inflow volume and the cumulative outflow volume from planting till harvest. For intermittent irrigation, there was no outflow from the basins, and hence the water use was the cumulative inflow volume into each basin.
Water productivity and water use efficiency:
Water productivity (kg/m 3 ) was calculated as the ratio of the rice grain yield to the water use for each treatment. The water use efficiency (WUE, %) was estimated using the equation:
Where: ETP is the evapotranspiration in mm; S&P is the seepage and percolation in mm; IR is the depth of applied irrigation water in mm; and RN is the depth of rainfall in mm. In rice fields, evapotranspiration can be obtained from pan evaporation. Daily pan evaporation was measured from a US CLASS A evaporation pan and used to determine ETP given by:
Where Kp is pan coefficient and Epan is the pan evaporation in mm. Daily air temperature was measured using a mercury thermometer. The temperature readings were used in determining the appropriate pan coefficient, which is temperature dependent. RN was measured daily using a rain gauge installed at the experimental site, at 1.7 m above the ground. Cutthroat flumes were installed at appropriate points in the field to measure inflow (IR) in the continuous flooding water management regime. In intermittent flow treatments, siphons were used to determine the flow into each treatment.
Seepage and percolation (S&P) of irrigation water was estimated using the water balance equation (Fonteh and Assoumou, 1996) , as the residual after accounting for all other variables (change in storage, ∆S; irrigation (IR); rainfall (RN); drainage (DR); and evapotranspiration (ETP)). The change in storage was determined from:
S&P was estimated using data collected over a 15-day period. The change in storage was measured as the difference in water levels in the basin between two time intervals.
Rectangular orifices were installed at appropriate points in the field to measure the outflow (DR) in the continuous flooding water management regime.
Statistical analysis:
Because data on growth characteristics were collected over time, time was considered in the analysis as a factor. Therefore, analysis of variance of growth characteristics was performed as a split-split plot design, with time as main plot factor, water management regime as subplot factor and variety as sub-sub plot factor. Intermittent water regimes were compared for S&P and WUE using a randomized complete block design, with water regime and time of measurement as factors. Where differences in treatment means were significant, means were separated using the Least Significant Difference Test (LSD). The GENSTAT software was used for statistical analysis.
RESULTS AND DISCUSSION
Plant height: Table 1 shows the height of rice plants under different water management treatments. Plant height varied from 53.04 to 68.82 cm but the water management regime did not significantly affect plant height (p>0.05). The varieties were significantly different in plant height (p<0.05). There was a significant (p<0.05) interaction between water management regime and variety on plant height. Plant height was highest for Tainan 5 at d0, for TOX at d2 and for variety 14 at d3. Growth of TOX under management d1 was similar to Tainan 5 under water management d0. Although there might be varietal differences in growth, the lower depth of irrigation water for rice causes higher day-time temperature and lower night-time temperature, which causes better growth (Mostafazadeh-Fard et al., 2010) . With Tainan 5, intermittent irrigation at lower water depths reduced rice growth relative to continuous flooding. This may be attributed to low tolerance to weed infestation. Because of irregular leveling of the paddies, low water levels may not completely cover the soil to smoother weeds. Juraimi et al., (2009) reported that reduced depth of ponding enhances weed emergence and significantly reduces the height of the rice plant.
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.  68.82a d0 = continuous flooding maintained at 3cm depth, d1 = intermittent 3 cm water depth, d2 = intermittent 5 cm water depth and d3 = intermittent 7 cm water depth; means in rows and columns followed by the same letter are not significantly different at 5 % probability
Number of tillers:
The tillering pattern in all three varieties was similar (Fig. 2) . Tillering was slow in the first 4 weeks after transplanting and increased rapidly between week 4 and week 8 after transplanting. The maximum number of tillers produced was between 13 and 15. The varieties were not significantly different (p>0.05) in tillering ability but water management regime significantly (p<0.05) affected number of tillers (d0=8. 44, d1=7.95, d2=8.51, d3=8.17) . The interaction between variety and water management regime on the number of tillers was significant (p<0.05). The highest number of tillers (Table 2) was produced for Tainan 5 with water management d3, for TOX this was d1 and for variety 14 it was d3. 8.58abc d0 = continuous flooding maintained at 3cm depth, d1 = intermittent 3 cm water depth, d2 = intermittent 5 cm water depth and d3 = intermittent 7 cm water depth; means in rows and columns followed by the same letter are not significantly different at 5 % probability Water productivity and water use efficiency: The water use, yield, water productivity and water use efficiency associated with the different water management regimes are presented in Table 3 . Compared to the continuous flooding regime (d0), the d1 water management regime reduced water use by 47 %, while for d2 water use was reduced by 39 % and d3 by 20 %. This result is in line with the results obtained by Mostafazadeh-Fard et al., (2010) who reported that decreasing the depth of ponded water on the soil surface in irrigated rice reduced the water use by about 23 %. The use of modern irrigation techniques can also lead to water savings of more than 50 % (Saleth and Dinar, 2008; Bouman et al., 2005) . Although the water use differed with water regime, their effects on rice grain yield were not significant. The results indicate that between 20 and 47 % of irrigation water used for rice production under continuous flooding can be saved under intermittent irrigation of 3-7 cm depths without any significant reduction in rice grain yield. Results on effects of water management on rice yield vary with agro-ecological zones and year of cropping. Generally, most water-saving methods to date show little decline in yield or at most small gains in output (Uphoff and Randriamiharisoa, 2002) . By applying appropriate irrigation management in rice cultivation, a large volume of water can be saved which would help to bring more land under cultivation using the same available amount of water. This will not only enhance food security but water security as well. LSD0.05 ns 0.099 9.8 d0 = continuous flooding maintained at 3cm depth, d1 = intermittent 3 cm water depth, d2 = intermittent 5 cm water depth and d3 = intermittent 7 cm water depth; means in rows and columns followed by the same letter are not significantly different at 5 % probability with intermittent irrigation at 3 cm depth (d1). The differences in water productivity as influenced by water management regime were statistically significant (p<0.05). Water productivity under d0 was low and was similar to that reported for conventional basin flooding (Kahlown et al., 2007) . Water productivity under intermittent irrigation (d1, d2, d3) was comparable with that reported with sprinkler irrigation (0.38-0.67 kg/m 3 ) (Kahlown et al., 2007) . Intermittent water application with a depth of 3 cm therefore had a water productivity of about 88 % higher than that obtained with continuous flooding irrigation.
The average seepage and percolation calculated for different water management regimes and used to determine the WUE increased with depth of ponded water. This result is consistent with the results obtained by Guera et al., (1998) . Results from this study indicate that the WUE on farmers' fields with continuous flooding is about 32 %. With intermittent irrigation, the WUE increases to about 65 % with d1 and 58.1 % with d2. Intermittent irrigation therefore produces yields which are not significantly different from continuous flooding irrigation but with a WUE of up to 100 % higher. Intermittent irrigation therefore can ensure food security while at the same time mitigating climate change with reduced emissions of methane in intermittent irrigation.
CONCLUSIONS
Between 20 and 47 % of irrigation water used under continuous flooding as is practiced by most farmers in sub-Saharan Africa can be saved by the adoption of intermittent irrigation at 3-5 cm depth. Intermittent irrigation at these water depths has no negative effect on rice grain yield compared to continuous flooding. Intermittent water application with a depth of 3 cm resulted in a water productivity of about 88 % higher than that obtained with continuous flooding irrigation. The water use efficiency in intermittent irrigation at 3 cm depth is about 100 % greater than that in continuous flooding irrigation at the same depth. For intermittent irrigation at 5 cm depth the improvement is about 80 %. To ensure food security and mitigate climate change in rice producing areas, intermittent irrigation with a depth of 3-5 cm should be promoted to replace continuous flooding irrigation.
